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Abstract

Background: Perinatal stroke is the leading cause of unilateral (hemiparetic) cerebral palsy, with life-long personal,
social and financial consequences. Translational research findings indicate that early therapy intervention has the
potential for significant improvements in long-term outcome in terms of motor function. By involving families and
health professionals in the development and design stage, we aimed to produce a therapy intervention which they
would engage with.

Methods: Nine parents of children with hemiparesis and fourteen health professionals involved in the care of
infants with perinatal stroke took part in peer review and focus groups to discuss evolving therapy materials, with
revisions made iteratively. The materials and approach were also discussed at a meeting of the London Child Stroke
Research Reference Group. Focus group data were coded using Normalisation Process Theory constructs to explore
potential barriers and facilitators to routine uptake of the intervention.

Results: We developed the Early Therapy in Perinatal Stroke (eTIPS) program - a parent-delivered, home-based
complex intervention addressing a current gap in practice for infants in the first 6 months of life after unilateral
perinatal stroke and with the aim of improving motor outcome. Parents and health professionals saw the
intervention as different from usual practice, and valuable (high coherence). They were keen to engage (high
cognitive participation). They considered the tasks for parents to be achievable (high collective action). They
demonstrated trust in the approach and felt that parents would undertake the recommended activities (high
collective action). They saw the approach as flexible and adaptable (high reflexive monitoring). Following
suggestions made, we added a section on involving the extended family, and obtained funding for a website and
videos to supplement written materials.

Conclusions: Focus groups with parents and health professionals provided meaningful feedback to iteratively
improve the intervention materials prior to embarking on a pilot study. The intervention has a high potential to
normalize and become a routine part of parents’ interactions with their child following unilateral perinatal stroke.

Keywords: Intervention development, Perinatal stroke, Early intervention, Therapy, Motor system, Normalisation
process theory, Participatory design, Unilateral cerebral palsy, Hemiparesis, Infant
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Background

Perinatal stroke is due to an interrupted blood supply to
part of the brain before birth or age <28 days [1-4]. The
condition affects up to 1/2300 term [1, 5] and 7/1000
preterm infants [1, 6], 60% of whom acquire neurological
deficits as a consequence [7-9]. Perinatal stroke is a com-
mon cause of unilateral cerebral palsy [3, 6, 7, 10-13],
with long-term adverse effects on activities of daily living
[14], quality of life and self-esteem [15]. The aetiology of
perinatal stroke is multifactorial [9] and incompletely
understood [16], limiting preventative options. Early
detection also remains challenging, as presentation is non-
specific, with seizures [17], lethargy and/or poor feeding
[18]; around 40% (“presumed perinatal strokes” [10, 11,
13, 19]), are first detected many months after birth, often
with emerging movement difficulties [20-22]. Currently
the options for immediate treatment of perinatal stroke
remain few, though this is an area of research interest
[23]. Effective early intervention for perinatal stroke has
the potential for lifelong benefits [24].

A case notes review covering a 10 year period [25], a
national survey of therapist management of perinatal
stroke undertaken by our group (under submission) and
reviews of the literature [23, 26] all indicated the lack of
any standardised therapy approach for perinatal stroke
in the first 6 months of life, though there is current
research into modified constraint [27] and action-
observation [28, 29] approaches starting from around
3 months of age in infants with emerging motor asymmet-
ries regardless of aetiology. Despite the obvious challenges
in delivery, the basic science literature from neurophysio-
logical [30, 31], animal [32] and behavioural [33] studies
suggests that for infants with predominantly unilateral
stroke who are at risk of unilateral cerebral palsy, early
intervention could improve long-term motor outcome.
The rationale for this approach is provided below.

Activity-dependent competition shapes corticospinal tract
projections

The corticospinal tract is a major descending pathway
from the brain to the spinal cord controlling skilled
voluntary movement. Neurophysiological studies using
transcranial magnetic stimulation demonstrate marked
activity-dependent developmental and post-lesional corti-
cospinal tract changes in the first months of life [34—36].
At term, the corticospinal tract projects bilaterally from
each hemisphere to the spinal cord. An activity-dependent
process drives a gradual progression to a predominantly
crossed corticospinal tract projection in typically develop-
ing infants [37]. Perinatal stroke perturbs the outcome of
this process to a variable extent: the best functional out-
come is seen in patients who retain a crossed corticospinal
tract contribution from the affected hemisphere [34]. In
contrast, in patients with a poor motor outcome there is a
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gradual loss of crossed projections from the affected hemi-
sphere with abnormal retention of uncrossed projections
from the unaffected hemisphere [37, 38]. Animal models
produce similar results and confirm the activity-
dependent nature of the process [39]. In addition, animal
models have shown that the loss of corticospinal tract fi-
bres following stroke leads to sprouting of proprioceptive
afferents even in adults, leading to hyperreflexia [40]. In
infant animal models, it is clear that damage to the corti-
cospinal tract during development has secondary effects
on spinal cord interneuron populations [41]. The corti-
cospinal tract also shapes development of subcortical
motor systems through activity-dependent mechanisms:
unilateral CST damage adversely affects the descending
rubrospinal tract pathways [42]. These developmental
corticospinal tract and spinal cord changes offer unique
opportunities for intervention in infants with perinatal
stroke in a dynamic, activity-dependent system with no
parallel in adults.

Promoting activity in the potentially affected limb
improves outcome

Animal studies indicate that the consequences of peri-
natal stroke can be mitigated by promoting activity of
the potentially affected side. In a study undertaken in
kittens, muscimol was used to silence the motor cortex
unilaterally, leading to an abnormal pattern of corticosp-
inal tract projections and adverse consequences for
motor function. By using electrical stimulation of the
inactivated corticospinal tract fibres, the normal pattern
of corticospinal tract projection was partially restored
and motor function also improved [35]. Subsequently it
was shown that early therapy intervention (constraint
plus training on a reaching task), rather than invasive
electrical stimulation of the corticospinal tract, led to
similar improvements in this animal model [43]. How-
ever, constraint is problematic as an immediate interven-
tion following neonatal stroke because of the potential
for harm [44—47]. Instead, early environmental manipu-
lation to promote activity of the potentially affected side
is proposed [48].

Environmental manipulations can influence activity from
an early age
From birth, infants will demonstrate early “pre-reaching”
movements preferentially with the arm nearest a toy
presented to one side [49]. The play environment can be
manipulated to encourage activity of the potentially af-
fected side. This principle can be extended to a pervasive
intervention affecting the carer-based [50], play-based
and physical environment around the baby, delivered in
the home with therapist support [50—52].

The immaturity of the infant motor system at birth
means that in the first months after unilateral perinatal
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stroke, no motor asymmetries may be detectable [13, 53],
though general movements assessments may show unilat-
erally absent fidgety movements at around 3 months of
age [54]. This adds to the difficulties of introducing and
explaining a therapy approach aiming to promote activity
of the potentially affected side of the body during the
“silent period” [13, 53] when lateralised motor signs are
absent, even where imaging findings are strongly predict-
ive of an outcome of unilateral cerebral palsy [55-58]. It
was essential to involve stakeholders from an early stage
in developing an early therapy intervention approach
which would be acceptable and deliverable in this context.

We aimed to develop a manualised, parent-delivered,
home-based early therapy intervention for the first
6 months of life, to improve motor function in infants
with predominantly unilateral perinatal stroke. Medical
Research Council (MRC) guidance on complex interven-
tions was followed [59].

Methods

Rationale for initial content

Based on the literature discussed above, we chose an ap-
proach suitable for infants with predominantly unilateral
perinatal stroke including haemorrhagic parenchymal in-
farcts, aiming to promote activity of the potentially af-
fected side of the body during a time period of active
central nervous system plasticity and ongoing corticosp-
inal tract wiring. We named the approach “Early
Therapy in Perinatal Stroke”, abbreviated to €TIPS.

We chose an input in the first 6 months of life because
this was identified as being the period during which the
greatest changes in corticospinal tract wiring occurred
postnatally [30], as well as a period during which there
was no consensus regarding the approach to assessment
and intervention [25]. In addition, infants in this age
range are relatively immobile so lateralisation of the en-
vironment around the infant remains possible.

The initial content of the therapy was based on identi-
fying aspects of everyday life for the infant for which a
lateralised approach could be provided - i.e., increasing
sensory input and opportunities for movement of the
potentially affected side of the body. A parent-delivered
therapy intervention seemed the most appropriate
option because in the first months of life the infant is
usually looked after by a small number of close family
members. A therapy designed to utilise that input within
the context of the carer/child relationship could be de-
livered in a far greater dose than that achievable through
therapist input alone. We were mindful of the potential
difficulty parents might have in being cast in the role of
therapist, and aimed to make the approach and manual
as accessible, pervasive and play-based as possible.

Of major importance was the issue of achieving perva-
siveness of the approach so that the therapy dose would
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be high, whilst minimising the burden to parents. Perva-
sive but relatively minor changes to everyday activities
were felt to be more deliverable than therapy blocks
based on infant lifestyle and attention span consider-
ations. In addition, a lateralised approach can be applied
during many aspects of the infant’s daily routines,
potentially providing a large therapy dose through a
bioecological approach [60].

Logically, the most appropriate setting for a parent-
delivered, pervasive therapy intervention is in the home,
centred round the microsystem of the infant. This ap-
proach has been used for other therapy interventions in
children with cerebral palsy [52, 61, 62], and our group
has experience with developing and overseeing home-
based parent-delivered therapy approaches in children
with unilateral cerebral palsy [63].

Another important aspect was to keep the tone of the
manual and materials positive and to make sure the ac-
tivities were enjoyable for parents, other members of the
support/carer network and for the infants themselves.
An experienced paediatric occupational therapist was
key to this stage of development and design. A logic
model, or conceptual framework was developed for the
approach [64] (Fig. 1).

Participatory design process

Participatory design, also known as co-operative
design [65], is a process in which the proposed end-
users of a product are actively involved in the design
of the product. An iterative approach is often taken,
with users evaluating the product, modifications made
and re-evaluation undertaken over several cycles. The
aim is to improve the quality and value of the final
product to end-users. Focus groups are a valuable ap-
proach to use, enabling demonstrations of prototypes
and the provision of opportunities for discussion and
feedback. We chose to use a participatory design
process, discussing the materials and concepts with
key stakeholders to increase the likelihood that the
approach would be understood, adopted and normal-
ised [66]. Following an initial peer review group meet-
ing, three focus groups were held (two groups with
parents of children with unilateral cerebral palsy sec-
ondary to perinatal stroke, and one with therapists
and other healthcare professionals). Revisions to the
materials were made iteratively in line with feedback
from the groups as shown in Fig. 2.

Setting

Peer review and focus groups were undertaken in New-
castle upon Tyne. Feedback was also obtained from the
London Child Stroke Research Reference Group (Evelina
Hospital/Stroke Association).
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Participants

A stratified purposive sampling approach was used,
focussing on key groups of stakeholders [67]. We aimed
for 6-10 parents or health professionals per group,
representing an appropriate size for a focus group to
confirm/develop prototype design [68]. A total of nine
parents of children aged 3—-18 years with unilateral cere-
bral palsy due to perinatal stroke took part in two focus
groups. We also held one peer review group and one
focus group with a total of sixteen health care profes-
sionals including community and hospital paediatric
physiotherapists and occupational therapists, neonatal

physiotherapists, a play specialist and a paediatric neuro-
disability consultant. Recruitment was through a local
parent support group (HemiHelp), Newcastle upon Tyne
Hospitals NHS Foundation Trust, and (for therapists),
through regional therapist networks. Adequate English
language skills to participate in the focus groups were a
requirement for inclusion. We planned to exclude
parents of affected children under the age of 4 years to
avoid undue distress to families in whom the diagnosis
might still be evolving. However, two parents from the
local support group with children aged 3 years were ex-
tremely keen to participate and felt they could do so

Design draft
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Child Stroke
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materials

Re-design manual,
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Fig. 2 Outline of participatory design process
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safely, so were included. Fully informed written consent
was obtained prior to participation, and ethical approval
was obtained (North of Scotland Research Ethics
Committee 2, ref. 14/NS/1027).

Further feedback was obtained through presentation of
the proposed materials to a small established group of
parents of children with stroke (onset at any age) at the
London Child Stroke Research Reference Group meeting
at the Evelina Hospital, organised by a senior consultant
occupational therapist and a Child Stroke Project
Manager for the Stroke Association). This occurred
prior to the final parents’ focus group.

Focus groups
A topic guide was developed for the focus groups and
ground rules were established at the start. The main
areas of discussion were around the rationale for, and
nature of the planned intervention. Draft materials in-
cluding the manual and mock-up video clips illustrating
aspects of the therapy approach were reviewed inter-
actively. We asked whether any components of the
proposed materials should be changed or removed, and
if new information should be added. We were interested
in potential barriers to uptake of the intervention, and
how these could be overcome. We also wanted to know
how parents and therapists felt the approach would fit in
with their role. We also remained open to broader
suggestions and thoughts about the approach.

The peer review and focus groups were audio recorded
and transcribed verbatim, then anonymised.

Anonymised transcripts formed the data for formal
analysis, theoretically informed by Normalisation
Process Theory (NPT) [69]. NPT provides a theoretical
framework for considering barriers and facilitators to
“normalisation”, i.e., of widespread implementation and
incorporation into routine practice, of complex interven-
tions. The approach fits in well with the ethos of the
participatory design process, which has very similar
aims. By using the NPT framework at the stage of inter-
vention development, potential barriers to uptake can be
identified and addressed early [66]. We therefore chose
this framework to give us an understanding of how well
the €TIPS approach might become embedded into
routine practice from the point of view of parents and
therapists, and where there might be barriers to over-
come. The four main NPT constructs are described as
coherence, cognitive participation, collective action and
reflexive monitoring. The first construct, coherence,
covers the extent to which people can make sense of the
intervention and its purpose, and understand how it
differs from other interventions. The second construct,
cognitive participation, describes the degree of engage-
ment with the intervention and willingness to commit to
it over time. The third construct, collective action, covers
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the work required to adopt the new process, ie., the neces-
sary behaviour changes and actions as well as access to skills
and resources. The fourth construct, reflexive monitoring,
describes the ongoing appraisal of the intervention and any
adjustments necessary over time to ensure sustainability and
integration into practice. At the stage of intervention devel-
opment, the first three constructs are of most relevance,
whereas reflexive monitoring is more relevant to subsequent
evaluative and implementation stages.

All analyses were conducted according to the standard
procedures of rigorous qualitative analysis [70]. We used
procedures from first-generation grounded theory
(coding, constant comparison, memoing) [71], from
analytic induction (deviant case analysis) [72] and from
constructionist grounded theory (mapping) [73]. We
undertook independent coding and cross checking and a
proportion of data was analysed collectively in data
clinics where the research team share and exchange in-
terpretations of key issues emerging from the data. After
group discussion, amendments were made to the
materials as a result of feedback from the focus groups.

Results

Figure 3 shows the focus group outputs mapped to the
four NPT constructs and showing high levels of coher-
ence, cognitive participation and collective action. Rather
than encountering potential barriers to implementation,
we were provided with many helpful suggestions for
optimisation of the approach. More information about the
fourth construct (reflexive monitoring, ie., ongoing ap-
praisal and adjustments to practice) will emerge over time
during the pilot feasibility study which we are currently
undertaking. Focus group participants (parents and
healthcare professionals) were vocal both in their support
for the approach and in their range of suggestions for im-
provements. There were discussions about how infants
would be identified (namely, through cranial imaging fol-
lowing presentation with symptomatic perinatal stroke, or
as an incidental finding on routine cranial imaging of pre-
term infants). Parents described varying experiences in
terms of promptness or otherwise of diagnosis following
initial presentation: they were aware that some infants
would not be diagnosed (with presumed perinatal stroke)
until after the first 6 months of life. Parents and healthcare
professionals talked about the varying terminology used at
diagnosis, and the perceived uncertainty around outcome.
Therapists could see the challenges in explaining the ra-
tionale for a lateralised therapy in infants who had not yet
developed lateralised motor signs, even where these were
expected to emerge based on imaging findings. In the fol-
lowing quote, a therapist is describing a potential scenario
in which a parent of a young infant with a left hemispheric
perinatal stroke, who is at high risk of developing a right
hemiparesis but has not yet done so, might struggle to
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High Coherence

Parents differentiated e TIPS from usual practice as
therapy begins earlier

HPs also saw eTIPS as different from usual practice
(lateralised vs bilateral; more structured; different from
constraint)

Both groups saw value in eTIPS approach — providing
information, empowering parents

Manual seen as helpful for therapists in explaining
issues to parents

High Collective Action

Both groups felt the range of tasks were workable

Parents and HPs wanted materials offered in varied
formats

HPs were confident that parents would undertake the
approach

HPs suggested pacing the delivery of information to
families

Parents felt that responding to texts and phone calls
would be more workable than completing a diary

\ describing their input
N

eTIPS

High Cognitive Participation

Parents and HPs were keen to engage

Both groups wanted information to be easy to
understand

Parents wanted to ensure other carers could be enrolled
Other healthcare professionals e.g. health visitors,
should be involved

Parents felt good communication could minimise
duplication of tasks by healthcare professionals

Reflexive Monitoring

Both groups suggested modifications to the approach
Parents want to have feedback on how their child is
progressing

Therapists were keen to hear the outcome of the pilot
feasibility study

The pilot feasibility study will provide more information on
systematisation and appraisal of the approach

Fig. 3 Focus group outputs mapped to NPT

understand why a therapist is focussed on encouraging fa-
cilitation of active movement of the right side of the body:

But it’s actually introducing stuff when the family
haven’t got the grasp that there is the problem. So for
them to go in and say, “Right, right side, right side,
right side” is sometimes the overwhelming bit. —
Therapist, Peer review group.

Comments on the materials were focussed on opti-
misation; essentially, participants were confident that the
eTIPS pervasive approach was achievable, with smooth
embedding:

I think it’s good because it, it sort of normalises the
whole thing. ... these are the things you can do with
your baby that you do anyway but just add into that
just a little bit extra. ... So I think for parents it’s quite
user friendly. - Children’s Community Occupational
Therapist, Focus group 2

My little girl, she was diagnosed at birth, er, so we,
this would've been great for us, really, really helpful. —
Mother, Focus group 3

Parents mentioned the strong sense of guilt and self-
blame experienced after a diagnosis of perinatal stroke —
a recognised problem [74, 75]:

... you blame yourself and then you, you think that
everyone else is blaming you as well.
— Mother, Focus group 1

They wanted the materials to include a message that
parents are not to blame for this condition, and also
some information on what to say to other family

members including siblings. The need for more psycho-
logical support for parents was expressed:

... in my opinion, as soon as your child is diagnosed
with a disability you should be referred for
counselling. As for my personal opinion, and I, I've
never, this is the hardest thing I've ever had to deal
with in my life. -Mother, Focus group 3

Parents and professionals were keen to have mate-
rials available in multiple formats, particularly with
videos and photographs to illustrate certain aspects of
the approach. Parents were also keen to have the
materials available through a website. The rationale
for the multiple formats was based on variations in
parental preference and learning styles. Parents also
wanted the materials to be as simple and accessible
as possible, given the high levels of parental exhaus-
tion and sleep deprivation in the first months after
childbirth. Quotes on the value of incorporating video
clips demonstrating aspects of the approach are
shown in Fig. 4. The London Child Stroke Research
Reference Group suggested contact through phone
calls and text reminders as a valuable method of
keeping parents on track and obtaining feedback; they
advised against requiring regular therapy diary com-
pletion by parents.

Therapists were concerned that parents might be
overwhelmed if given all the materials at once. They
suggested breaking down the education process into
manageable chunks. Therapists were also concerned
that the infant might be overwhelmed and suggested
ways of pacing the activities and recognising signals
or cues from the infant suggesting that a break was
needed. Interestingly, parents expressed experiencing
a lack of information provision and wanted as much
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PARENTS

HEALTH PROFESSIONALS

(Buf seeing a visual like that,
rather than having to read
through and see, "De, de, de,
de, de. Like what, what does
that mean?”

When I see it like that, I think,
“Oh, yes, of course. Yes”

N

KI‘m not a big reader, so L
don't really absorb information
as much when I read. But when
I watch things..I tend to take
things in better”

“When you read things, you
Jjust skim past things”

“I'm a very visual person so the
pictures help. But having something
on video, because of my dyslexia
would be better"

€arly Therapy In Perinatal Stroke
The Value of Video clips....

"Often people reach absorption point; they can't possibly take
anything else in.....all they think is, "I just want to know it
and I want to know it now. I don't want to have to read it”

“I think, as a parent, you'd
be able to take it in much

better from seeing a video
than having it written down”

“I've spoken to families
where English isn't their first
language. For them it might
be better [with videos]”

"

“The videos are also I think
about modelling, aren't they and
how to interact with baby?"

"

“Erm, some parents can

struggle. You think you've
explained it and then they
completely go somewhere else
so seeing it modelled is better”

= J

"I think it would be essential, wouldn't you?"

W

Fig. 4 Quotes advocating for the inclusion of video clips in the materials for parents

information as possible including details of other agencies
which might be involved and what to do and expect “next”,
i.e., after the €TIPS intervention period was complete:

In our first 6 months, it's — we didn’t get hardly any
information at all apart from the health visitor. —
Father, Focus group 1

A, a huge manual sometimes just overwhelms them
and theyll put it in the, put them in the drawer. —
Therapist, peer review group

Therapists were able to distinguish between the eTIPS
approach and their usual approach to infants after peri-
natal stroke before any lateralised signs are present. They
discussed the regional variability in therapy services
provision and recognised that some families would be able
to access more therapist support than others — one ther-
apist commented on a 12 week wait for physiotherapy ser-
vices in one area even for infants considered to be a high
priority. They saw the eTIPS materials as potentially bene-
ficial in that they would facilitate explanation to families
and could be used flexibly during home visits:

That’s what I think is quite nice, is that I could
actually go, even if the baby was asleep. ... I could still
go, and go through some of this with, with the parent.
— Therapist, Peer review group.

There was some discussion as to which healthcare
professionals would be best placed to provide support

for the eTIPS approach long-term: community physio-
therapists or health visitors were suggested. This tied in
with expressed parental wishes to avoid any duplication
of assessments through research and clinical teams.

Table 1 summarises the key changes made as a result
of the participatory design process. Information from
the focus groups (including Fig. 4) was used to support
funding applications for input from a professional film-
maker, a professional photographer and a website
designer. This was important given the request for
provision of information in multiple formats, and to
make the materials as visually appealing as possible.
Photoshoots and films were planned and directed by
members of the research team, to illustrate key aspects
of the approach. Given the potential for right-left confu-
sion in people from all educational backgrounds [76], we
in fact developed two separate sets of materials — one
for infants at risk of developing right hemiparesis and
one for those at risk of left hemiparesis. Professional
photoshoots and videos were shot separately for each.
The availability of photos, videos and instructions tai-
lored to the relevant side of the body makes it as easy as
possible for parents to reproduce the required environ-
mental and behavioural adaptations.

To accommodate the varying opinions about volume
and pacing of information, the video clips were made to
be bite-sized and the manual was divided into discrete
sections, with the addition of a main message section
and a summary leaflet or “miniguide”. Summary “mind
maps” and checklists for parents were included to help
them prepare mentally and practically for adoption of



Basu et al. BMC Pediatrics (2017) 17:33

Table 1 Changes made to materials as a result of feedback

Changes Parents Healthcare
professionals
Terminology Simplification of text y y
Avoidance of emotionally y y
“loaded” words
Parental emotions  “It's not your fault” y
Parental “What Next” section to y

expectations cover the period after

the intervention ends

Information
for parents

Safety (sleeping y y
arrangements: “Back
to Sleep” campaign)

Describe other agencies y
which may be involved
Explanation for siblings y y
Improving fidelity ~— Text reminders y
Presentation Videos and website y y
Reduce content on some y
pages
General approach  Emphasize play-based, y

fun aspects

Consider infant's
attention, learning
and infant cues

Calm environment; y
incorporate repetition;

“one toy at a time”;

reading infant cues/signals

Consider parental  Parents may need y
attention information broken
and learning down in chunks

the €TIPS approach. We also included a ribbon in the
pack for families, which we could tie to one side of the
pram, chair or crib to help with right-left orientation.
Guidance on reading and responding to infant cues was
included in the manual. We incorporated emoticon-style
stickers into the manuals so that families could easily
mark sections for discussion during the visits, with the
aim of making parental feedback as straightforward as
possible. Many suggestions for simplification of language
and layout were adopted, making the final materials
(which were also proofread by several lay readers) very
straightforward and accessible. Specifically, each page of
the manual contains very short passages of text, in large
font, broken up with illustrative photographs.

It was not possible to incorporate formal psychologist
input into the €TIPS materials because of resource limi-
tations. However, clinicians need to be aware of this
largely unmet need and to have a lower threshold for re-
ferral to existing services.

Table 2 summarises the intervention as per the
TIDIER checklist [77] and Fig. 5 illustrates the materials
provided to families. The main ingredient of the inter-
vention can be summarised as supporting parents to
provide a pervasive, lateralised therapy approach to the
infant in the first 6 months of life. Simple straplines for
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Table 2 eTIPS: Summary of the intervention, structured
according to TIDIER checklist

BRIEF NAME
Why

eTIPS — Early Therapy in Perinatal Stroke

Early intervention to promote activity of the
potentially affected side of the body in the
first 6 months of life after perinatal stroke
could improve motor outcome through
activity-dependent plasticity.

What Main ingredient: parental support with
delivery of a pervasive, lateralized therapy
approach in the first 6 months of life. The
aim is to promote active movement, sensory
input and visual stimulation to the potentially
affected side of the body, but incorporate
the approach into activities of daily life
(feeding, playtime, changing, bath time,
when out and about etc.)

Who provides Currently the eTIPS team provide training
and support to parents/carers, who deliver
the eTIPS approach to infants. The training
and support could be delegated (with
development of a training resource) to a

community physiotherapist or health visitor.

Modes of delivery of
training to parents

Materials for participants — manual, website,
DVDs, ribbon, stickers, diary, mini-guides,
mind maps, checklists

Materials for fidelity of training/education
of parents — checklist and Perinatal Stroke
information

Materials for checking components
delivered — checklist

Materials for training intervention providers
- to be developed in next phase
Procedures: Initial visit with education and
training. Principles reinforced through monthly
follow-up visits and fortnightly phone calls
until 6 months corrected age. Weekly texts
provide prompts and an opportunity for
troubleshooting.

Where In the child’s environment — at home

or out and about

When and how much?  1st 6 months of life (or for preterm infants,
from term-equivalent age to 6 months age

corrected); pervasive

Tailoring Side of intervention is side of the body at
increased risk of developing motor difficulties
(hence 2 different manuals — Right from the

Start, and Best from the Left)

Modifications Modifications made following focus groups

are summarized in Table 1

How well (Fidelity) Planned: Interviews, Telephone calls; Home
visits; Texts; Diaries

Checklists to use when training parents

each approach (“Best from the Left”, and “Right from
the Start”) are used to help reinforce the main message.
The mode of delivery is through parental education (face
to face and through a manual, website and videos) re-
garding the intervention and the underlying rationale.
Support of the parent with the required behaviour
change is through discussions during monthly home
visits, with interim texts and phone calls, as well as the
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tablet or smartphone, and on DVD

Fig. 5 eTIPS materials. Left — cover of eTIPS manual “Right from the Start”. Right — all materials including videos available on website through PC,

use of mind maps as preparation for engagement with
eTIPS.

The approach is designed to be interactive and enjoy-
able. Through the intervention, parents promote active
movement and provide sensory input and visual stimula-
tion to the infant biased to the potentially affected side
of the body. The approach exploits the use of minor
modifications to the infant’s activities of daily living
(feeding, playtime, changing, bath time, when out and
about etc.) in order to maximise parental engagement
and minimise any burden. The manual, videos and web-
site provide highly pictorial, clear messages about how
to do this, including suggestions for activities and play.
Involvement of other family members including siblings
is actively encouraged. Rather than focussing purely on
sensorimotor function, the materials also model positive
parenting behaviours and parent-infant bonding, provid-
ing guidance on how to interpret and respond to aspects
of infant behaviour and avoid overstimulation. The man-
ual provides guidance on how to modify the approach as
the infant develops: this is intended to be supplemented
by therapist support. The approach is currently being eval-
uated within a pilot feasibility study, and we are develop-
ing a training package for therapists to allow greater reach
of implementation and therefore evaluation.

Discussion

This is to our knowledge the only early therapy interven-
tion aimed at the first 6 months of life after perinatal
stroke. The rationale for this very early intervention in
terms of a high level of central nervous system plasticity
has been discussed above. Intervention in this time win-
dow brings particular challenges as discussed below,
which make a participatory design approach and

Normalization Process Theory framework [66] particu-
larly important in developing an intervention which will
be understood and accepted by stakeholders.

Behaviour change interventions are notoriously diffi-
cult to implement [78], even outside the context of
sleep-deprived families coming to terms with the disrup-
tion of a new diagnosis in their infant child [79].
Furthermore, following a diagnosis of perinatal stroke,
families experience a range of emotions including
feelings of guilt and self-blame [74, 75]. There is also un-
certainty about the future in terms of the nature and se-
verity of difficulties their child may face. Some parents
express feelings of helplessness, wishing there is some-
thing they can do. We were sensitive to the need to cre-
ate materials and activities designed for parents in their
capacity as parents during everyday interactions with
their children, rather than requiring them to take on
therapist roles during defined “therapy sessions”. This
pervasive approach has a high potential for interactional
workability, embedding the therapy into everyday rou-
tines and thus normalising the method, as well as avoid-
ing conflict between perceived roles as parent versus
therapist [62]. Supporting parents to deliver therapeutic
input to their infants in this context can be seen as ap-
propriate but challenging, and requires consideration for
the welfare of both parties. Furthermore, engagement of
such young infants in activities is highly dependent on
positive parent/infant interactions, with parents provid-
ing the physical, interactional and emotional setting in
which the infant is motivated to initiate the required be-
haviours. However, parents are in general highly moti-
vated to improve outcomes for their infants, and our
experience with the parent focus groups also revealed a
wish to have been able to engage with a program like
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eTIPS. We deliberately made our materials as visually
appealing as possible and framed most of the activities
within the context of everyday parenting and play, allow-
ing some tailoring to the specific requirements of indi-
vidual families. In our ongoing pilot feasibility study we
formally monitor parental wellbeing [80] and parenting
sense of competence [81, 82].

The evolution of motor difficulties following perinatal
stroke adds a further layer of complexity in explaining
an early intervention approach to parents and indeed to
healthcare professionals. Whilst early definitive neuroim-
aging is highly predictive of motor outcome after peri-
natal stroke [55-57], it is difficult for parents and
therapists to understand why doctors may be worried
about the future development of hemiparesis in an in-
fant who may initially have no lateralised motor signs.
This requires careful explanation and support.

A major strength of the eTIPS approach is the use of
participatory design processes during intervention devel-
opment, involving parents and healthcare professionals.
Furthermore, the materials developed were considered
straightforward, user-friendly and appealing. A challenge
for monitoring intervention fidelity is the ecological na-
ture of the approach (which in every other way we see
as a strength) — it is designed to be pervasive and flex-
ible around the child’s microenvironment rather than
occurring in predefined windows of intensive input of a
fixed nature. It is not possible to quantify the “dose” of
an intervention delivered in this format. However, the
basic message and strapline is straightforward and the
explanations are clear. Manual contents can be used as a
fidelity checklist, and correctness of the approach ob-
served and discussed at home visits, or videoed by fam-
ilies. In our pilot feasibility study we use qualitative
research methods including comprehensive observations
and in-depth interviews to explore to what extent differ-
ent aspects of the approach are found to be helpful,
adopted and routinized by different families.

One weakness of the study is that focus groups were
undertaken in the Northern region only. However, we
did also obtain feedback from the London-based Child
Stroke Research Reference Group, although this group is
not specific to perinatal stroke. In addition, our local im-
pression of the range of therapist practice in infants with
perinatal stroke was confirmed through our national sur-
vey as well as through discussion with other therapists
within Europe during meetings/workshops. It seems
likely that the eTIPS approach will be valuable for
infants with perinatal stroke in a number of contexts
and settings, if they are diagnosed within the first few
months of life. This brings up another issue — some of
the parents in our focus groups had children with pre-
sumed perinatal stroke rather than symptomatic stroke.
For these parents, diagnosis was delayed beyond the first
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few months of life. We elected to focus on a therapy ap-
proach for the first six months because of the current
lack of a standardised therapy approach or resource de-
voted to this time window, as well as the potential to in-
fluence activity-dependent plasticity in the developing
nervous system.

Parents of infants or very young children diagnosed
with perinatal stroke were excluded from the focus
groups, because we wanted to avoid undue distress to
families in whom the diagnosis might still be evolving
and in whom we were not in a position to offer a ther-
apy package at that stage. Clearly these parents are the
immediate stakeholders, and it is possible that some of
their views might differ from those of parents with older
children who had a perinatal stroke. We are currently
undertaking a mixed methods pilot feasibility study of
the €TIPS intervention, which will provide rich data on
the views and feedback from these stakeholders.

The €TIPS approach has the potential for broad reach
[83], given its low cost and availability of materials
through the internet. There are options for further de-
velopment of materials and perhaps for online peer sup-
port, which has been shown to increase the effectiveness
of web-based interventions [84]. If found to be effective,
adoption and implementation will have been facilitated
by the participatory design and use of NPT, involving
stakeholders throughout the intervention development
process.

Conclusions

A participatory design process and Normalisation
Process Theory framework have helped us to develop a
parent-delivered complex intervention, namely the early
therapy in perinatal stroke (eTIPS) program. This
program addresses a current gap in therapy intervention
practice for infants with perinatal stroke during a period
of high central nervous system plasticity. We are cur-
rently undertaking a pilot feasibility study of the eTIPS
approach with a view to further evaluation within a ran-
domised controlled trial.

Abbreviations
eTIPS: early therapy in perinatal stroke; NIHR: National Institute of Health
Research; NPT: normalisation process theory

Acknowledgements

We would like to thank all focus group participants for their input to the
study, as well as all those who took part in the photoshoots and video
sessions. Thanks to Anne Gordon and Anna Panton for permission to present
to the Child Stroke Research Reference Group meeting in London.

Funding

NIHR; Tiny Lives; Newcastle Healthcare Charity. No funding body played a
part in the design of the study, collection, analysis, and interpretation of data
or writing the manuscript.



Basu et al. BMC Pediatrics (2017) 17:33

Availability of data and materials
Due to ethical concemns (maintenance of confidentiality of children of parents
participating in focus groups), supporting data cannot be made openly available.

Authors’ contributions

AB conceived and designed the study as part of her NIHR fellowship and is
the principal investigator. She worked with JP on the intervention
development and also attended the focus groups and contributed to the
focus group analysis. She wrote the first draft of the manuscript, to which all
other authors contributed. JP was the therapist lead on the project, leading
on development of the therapy materials, in collaboration with AB. JP also
attended focus groups, revised the therapy materials in response to focus
group comments and contributed to the content of the manuscript. JB
contributed substantially to analysis and interpretation of the focus groups,
mapping the outputs to the NPT framework whilst undertaking a 1 year
student internship on the project supervised by AB, and contributing to the
manuscript. With supervision from both AB and JP, JB also contributed to
the collection of materials for use in developing the therapy manual and
website. RW was also heavily involved in data collection, analysis and
interpretation of the focus groups within the NPT framework, as the
qualitative research assistant on the project; she also drafted the initial topic
guide for the groups and made critical revisions to the manuscript. TR
advised on the approach to the qualitative research; he contributed
substantially to focus group analysis (reviewing all initial analyses) and
synthesis of findings as well as critical revision of the manuscript. All authors
approved the final manuscript.

Authors’ information

AB is a paediatric neurologist with a research interest in intervention to
improve motor outcome in children with, or at risk of, hemiplegic cerebral
palsy. JP is a paediatric occupational therapist with expertise in upper limb
assessment and intervention. JB is a human biosciences graduate. RW is a
research assistant with a background in sociology and experience in
qualitative research. TR is a senior lecturer with expertise in normalization
process theory and complex interventions.

This work was presented as a poster at the British Paediatric Neurology
Association meeting in Cambridge, 13th January 2017. A short published
abstract exists: Basu AP, Pearse JE, Baggaley J, Watson RM, Rapley T.
Establishing the ingredients and mode of delivery of an early therapy
intervention in perinatal stroke. Dev Med Child Neurol 2017; 59(51): 21. DOI:
10.1111/dmcn.13347

Competing interests

AB is funded by an NIHR Career Development Fellowship to study early
intervention in perinatal stroke; this also supports RW and has supported JP,
as well as input from TR to advise on qualitative research aspects. The views
expressed in this publication are those of the authors and not necessarily
those of the NHS, the National Institute for Health Research, or the
Department of Health.

Consent for publication
Not applicable.

Ethics approval and consent to participate

Ethical approval was obtained from North of Scotland Research Ethics
Committee 2, ref. 14/NS/1027. Written informed consent was obtained from
focus group participants.

Author details

'Institute of Neuroscience, Newcastle University, Newcastle upon Tyne NE1
7RU, UK. *Department of Paediatric Neurology, Newcastle upon Tyne
Hospitals NHS Foundation Trust, Newcastle upon Tyne NE7 7DN, UK.
*Therapy Services, Newcastle upon Tyne Hospitals NHS Foundation Trust,
Newcastle upon Tyne NE7 7DN, UK. “Medical Sciences Graduate School,
Newcastle University, Newcastle upon Tyne NE1 7RU, UK. °Institute of Health
and Society, Newcastle University, Newcastle upon Tyne NE2 4AX, UK.

Received: 1 August 2016 Accepted: 18 January 2017
Published online: 23 January 2017

Page 11 of 13

References

1. Raju TN, Nelson KB, Ferriero D, Lynch JK. Ischemic perinatal stroke: summary
of a workshop sponsored by the National Institute of Child Health and
Human Development and the National Institute of Neurological Disorders
and Stroke. Pediatrics. 2007;120(3):609-16.

2. Berfelo FJ, Kersbergen KJ, van Ommen CH, Govaert P, van Straaten HL, Poll-
The BT, van Wezel-Meijler G, Vermeulen RJ, Groenendaal F, de Vries LS, et al.
Neonatal cerebral sinovenous thrombosis from symptom to outcome.
Stroke. 2010;41(7):1382-8.

3. Armstrong-Wells J, Johnston SC, Wu YW, Sidney S, Fullerton HJ. Prevalence
and predictors of perinatal hemorrhagic stroke: results from the kaiser
pediatric stroke study. Pediatrics. 2009;123(3):823-8.

4. de Vries LS, Roelants-van Rijn AM, Rademaker KJ, Van Haastert IC, Beek FJ,
Groenendaal F. Unilateral parenchymal haemorrhagic infarction in the
preterm infant. Eur J Paediatr Neurol. 2001;5(4):139-49.

5. Schulzke S, Weber P, Luetschg J, Fahnenstich H. Incidence and diagnosis of
unilateral arterial cerebral infarction in newborn infants. J Perinat Med. 2005;
33(2):170-5.

6.  Benders MJ, Groenendaal F, Uiterwaal CS, de Vries LS. Perinatal arterial
stroke in the preterm infant. Semin Perinatol. 2008;32(5):344-9.

7. Sreenan C, Bhargava R, Robertson CM. Cerebral infarction in the term
newborn: clinical presentation and long-term outcome. J Pediatr. 2000;
137(3):351-5.

8. De Veber GA, MacGregor D, Curtis R, Mayank S. Neurologic outcome in
survivors of childhood arterial ischemic stroke and sinovenous thrombosis. J
Child Neurol. 2000;15(5):316-24.

9. Lynch JK Nelson KB. Epidemiology of perinatal stroke. Curr Opin Pediatr.
2001;13(6):499-505.

10.  Trauner DA, Chase C, Walker P, Wulfeck B. Neurologic profiles of infants and
children after perinatal stroke. Pediatr Neurol. 1993;9(5):383-6.

11. Lee J, Croen LA, Lindan C, Nash KB, Yoshida CK, Ferriero DM, Barkovich AJ,
Wu YW. Predictors of outcome in perinatal arterial stroke: a population-
based study. Ann Neurol. 2005;58(2):303-8.

12. Mercuri E, Barnett A, Rutherford M, Guzzetta A, Haataja L, Cioni G, Cowan F,
Dubowitz L. Neonatal cerebral infarction and neuromotor outcome at
school age. Pediatrics. 2004;113(1 Pt 1):95-100.

13. Chabrier S, Husson B, Dinomais M, Landrieu P, Nguyen The Tich S. New
insights (and new interrogations) in perinatal arterial ischemic stroke.
Thromb Res. 2011;127(1):13-22.

14. OBrien G, Bass A, Rosenbloom L. Cerebral palsy and ageing. In: Developmental
disability and ageing. London: MacKeith Press; 2009. p. 39-52.

15. Russo RN, Goodwin EJ, Miller MD, Haan EA, Connell TM, Crotty M. Self-
esteem, self-concept, and quality of life in children with hemiplegic cerebral
palsy. J Pediatr. 2008;153(4):473-7.

16.  Kirton A, Armstrong-Wells J, Chang T, Deveber G, Rivkin MJ, Hernandez M,
Carpenter J, Yager JY, Lynch JK, Ferriero DM. Symptomatic neonatal arterial
ischemic stroke: the International Pediatric Stroke Study. Pediatrics. 2011;
128(6):21402-10.

17. Estan J, Hope P. Unilateral neonatal cerebral infarction in full term infants.
Arch Dis Child Fetal Neonatal Ed. 1997;76(2):F88-93.

18. Levy SR, Abroms IF, Marshall PC, Rosquete EE. Seizures and cerebral
infarction in the full-term newborn. Ann Neurol. 1985;17(4):366-70.

19. Lee J, Croen LA, Backstrand KH, Yoshida CK, Henning LH, Lindan C, Ferriero
DM, Fullerton HJ, Barkovich AJ, Wu YW. Maternal and infant characteristics
associated with perinatal arterial stroke in the infant. JAMA. 2005;293(6):723-9.

20. Kirton A, Deveber G, Pontigon AM, Macgregor D, Shroff M. Presumed
perinatal ischemic stroke: vascular classification predicts outcomes. Ann
Neurol. 2008,63(4):436-43.

21, Chen CY, Tafone S, Lo W, Heathcock JC. Perinatal stroke causes abnormal
trajectory and laterality in reaching during early infancy. Res Dev Disabil.
2015;38:301-8.

22. Chen CY, Lo WD, Heathcock JC. Neonatal stroke causes poor midline motor
behaviors and poor fine and gross motor skills during early infancy. Res Dev
Disabil. 2013;34(3):1011-7.

23. Basu AP. Early intervention after perinatal stroke: opportunities and
challenges. Dev Med Child Neurol. 2014;56(6):516-21.

24, Hamilton W, Huang H, Seiber E, Lo W. Cost and outcome in pediatric
ischemic stroke. J Child Neurol. 2015.

25. Basu A, Baggaley J, Simpson K. Case notes review of perinatal stroke in term
and preterm infants in the northern region over A 10 year period. Arch Dis
Child. 2016;101(51):A60.


http://dx.doi.org/10.1111/dmcn.13347

Basu et al. BMC Pediatrics (2017) 17:33

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Basu AP, Pearse J, Kelly S, Wisher V, Kisler J. Early intervention to improve
hand function in hemiplegic cerebral palsy. Front Neurol. 2015;5:281.
Nordstrand L, Holmefur M, Kits A, Eliasson AC. Improvements in bimanual
hand function after baby-CIMT in two-year old children with unilateral
cerebral palsy: a retrospective study. Res Dev Disabil. 2015;41-42:86-93.
Burzi V, Tealdi G, Boyd RN, Guzzetta A. Action observation in infancy: implications
for neuro-rehabilitation. Dev Med Child Neurol. 2016,58 Suppl 4:74-7.

Guzzetta A, Boyd RN, Perez M, Ziviani J, Burzi V, Slaughter V, Rose S, Provan K,
Findlay L, Fisher |, et al. UP-BEAT (Upper Limb Baby Early Action-observation
Training): protocol of two parallel randomised controlled trials of action-
observation training for typically developing infants and infants with asymmetric
brain lesions. BMJ Open. 2013;3:2002512. doi:10.1136/bmjopen-2012-002512.
Eyre J, Taylor J, Villagra F, Smith M, Miller S. Evidence of activity-dependent
withdrawal of corticospinal projections during human development.
Neurology. 2001;57:1543-54.

Eyre JA. Corticospinal tract development and its plasticity after perinatal
injury. Neurosci Biobehav Rev. 2007;31(8):1136-49.

Martin JH, Chakrabarty S, Friel KM. Harnessing activity-dependent plasticity
to repair the damaged corticospinal tract in an animal model of cerebral
palsy. Dev Med Child Neurol. 2011;53 Suppl 4:9-13.

Bhat AN, Galloway JC. Toy-oriented changes during early arm movements:
hand kinematics. Infant Behav Dev. 2006;29(3):358-72.

Eyre JA, Smith M, Dabydeen L, Clowry GJ, Petacchi E, Battini R, Guzzetta A,
Cioni G. Is hemiplegic cerebral palsy equivalent to amblyopia of the
corticospinal system? Ann Neurol. 2007;62(5):493-503.

Salimi |, Friel KM, Martin JH. Pyramidal tract stimulation restores normal
corticospinal tract connections and visuomotor skill after early postnatal
motor cortex activity blockade. J Neurosci. 2008,28(29):7426-34.

Martin JH, Lee SJ. Activity-dependent competition between developing
corticospinal terminations. NeuroReport. 1999;10:2277-82.

Eyre JA, Taylor JP, Villagra F, Smith M, Miller S. Evidence of activity-
dependent withdrawal of corticospinal projections during human
development. Neurology. 2001;57(9):1543-54.

Basu A, Graziadio S, Smith M, Clowry GJ, Cioni G, Eyre JA. Developmental
plasticity connects visual cortex to motoneurons after stroke. Ann Neurol.
2010,67(1):132-6.

Martin JH, Donarummo L, Hacking A. Impairments in prehension produced
by early postnatal sensory motor cortex activity blockade. J Neurophysiol.
2000;83(2):895-906.

Tan AM, Chakrabarty S, Kimura H, Martin JH. Selective corticospinal tract
injury in the rat induces primary afferent fiber sprouting in the spinal cord
and hyperreflexia. J Neurosci. 2012;32(37):12896-908.

Chakrabarty S, Shulman B, Martin JH. Activity-dependent codevelopment of
the corticospinal system and target interneurons in the cervical spinal cord.
J Neurosci. 2009,29(27):8816-27.

Williams PT, Martin JH. Motor cortex activity organizes the developing
rubrospinal system. J Neurosci. 2015;35(39):13363-74.

Friel K, Chakrabarty S, Kuo HC, Martin J. Using motor behavior during an
early critical period to restore skilled limb movement after damage to the
corticospinal system during development. J Neurosci. 2012;32(27):9265-76.
Kozlowski DA, James DC, Schallert T. Use-dependent exaggeration of
neuronal injury after unilateral sensorimotor cortex lesions. J Neurosci. 1996;
16(15):4776-86.

Humm JL, Kozlowski DA, Bland ST, James DC, Schallert T. Use-dependent
exaggeration of brain injury: is glutamate involved? Exp Neurol. 1999;157(2):349-58.
Bland ST, Schallert T, Strong R, Aronowski J, Grotta JC, Feeney DM. Early
exclusive use of the affected forelimb after moderate transient focal ischemia
in rats : functional and anatomic outcome. Stroke. 2000;31(5):1144-52.

Basu A, Eyre J. A plea for consideration of the less affected hand in
therapeutic approaches to hemiplegia. Dev Med Child Neurol. 2012;
54(4):380.

Coq JO, Strata F, Russier M, Safadi FF, Merzenich MM, Byl NN, Barbe MF.
Impact of neonatal asphyxia and hind limb immobilization on
musculoskeletal tissues and ST map organization: implications for cerebral
palsy. Exp Neurol. 2008;210(1):95-108.

Al-Whaibi RM. Effect of environmental cues on upper limb movement of
healthy neonates: implication for rehabilitation following perinatal stroke.
Newcastle: PhD. PhD thesis; 2009.

Dirks T, Hadders-Algra M. The role of the family in intervention of infants at
high risk of cerebral palsy: a systematic analysis. Dev Med Child Neurol.
201153 Suppl 4:62-7.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.
73.

74.

75.

Page 12 of 13

Stieber NA, Gilmour S, Morra A, Rainbow J, Robitaille S, Van Arsdell G,
McCrindle BW, Gibson BE, Longmuir PE. Feasibility of improving the motor
development of toddlers with congenital heart defects using a home-based
intervention. Pediatr Cardiol. 2012;33(4):521-32.

Novak I, Cusick A, Lannin N. Occupational therapy home programs for
cerebral palsy: double-blind, randomized, controlled trial. Pediatrics. 2009;
124(4):2606-14.

Papavasiliou AS. Management of motor problems in cerebral palsy: a critical
update for the clinician. Eur J Paediatr Neurol. 2009;13(5):387-96.

Guzzetta A, Pizzardi A, Belmonti V, Boldrini A, Carotenuto M, D'Acunto G,
Ferrari F, Fiori S, Gallo C, Ghirri P, et al. Hand movements at 3 months
predict later hemiplegia in term infants with neonatal cerebral infarction.
Dev Med Child Neurol. 2010;,52(8):767-72.

Mercuri E, Rutherford M, Cowan F, Pennock J, Counsell S, Papadimitriou M,
Azzopardi D, Bydder G, Dubowitz L. Early prognostic indicators of outcome
in infants with neonatal cerebral infarction: a clinical, electroencephalogram,
and magnetic resonance imaging study. Pediatrics. 1999;103(1):39-46.
Husson B, Hertz-Pannier L, Renaud C, Allard D, Presles E, Landrieu P,
Chabrier S. Motor outcomes after neonatal arterial ischemic stroke related
to early MRI data in a prospective study. Pediatrics. 2010;126(4):912-8.
Boardman JP, Ganesan V, Rutherford MA, Saunders DE, Mercuri E, Cowan F.
Magnetic resonance image correlates of hemiparesis after neonatal and
childhood middle cerebral artery stroke. Pediatrics. 2005;115(2):321-6.

De Vries LS, Groenendaal F, van Haastert IC, Eken P, Rademaker KJ, Meiners
LC. Asymmetrical myelination of the posterior limb of the internal capsule
in infants with periventricular haemorrhagic infarction: an early predictor of
hemiplegia. Neuropediatrics. 1999;30(6):314-9.

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M.
Developing and evaluating complex interventions: new guidance. London:
Medical Research Council; 2008.

Bronfenbernner U. The bioecological theory of human development. In:
Bronfenbrenner U, editor. Making human beings human: bioecological
perspectives on human development, CA: Sage; 2005. p. 3-15.

Chen HC, Chen CL, Kang LJ, Wu CY, Chen FC, Hong WH. Improvement of
upper extremity motor control and function after home-based constraint
induced therapy in children with unilateral cerebral palsy: immediate and
long-term effects. Arch Phys Med Rehabil. 2014;95(8):1423-32.

Ferre CL, Brandao MB, Hung YC, Carmel JB, Gordon AM. Feasibility of
caregiver-directed home-based hand-arm bimanual intensive training: a
brief report. Dev Neurorehabil. 2015;18(1):69-74.

Kirkpatrick E, Pearse J, James P, Basu A. Effect of parent-delivered action
observation therapy on upper limb function in unilateral cerebral palsy: a
randomized controlled trial. Dev Med Child Neurol. 2016.

Kellog WK. Using logic models to bring together planning, evaluation, and
action: logic model development guide. Michigan: Kellog Foundation; 2004.
Greenbaum J, Kyng M. Design at work: cooperative design of computer
systems. Hillsday: Lawrence Erlbaum Associates; 1991.

Murray E, Treweek S, Pope C, MacFarlane A, Ballini L, Dowrick C, Finch T,
Kennedy A, Mair F, O'Donnell C, et al. Normalisation process theory: a
framework for developing, evaluating and implementing complex
interventions. BMC Med. 2010;8:63.

Patton MQ. Qualitative evaluation and research methods. 3rd ed. Thousand
Oaks: Sage; 2002.

Tang KC, Davis A. Critical factors in the determination of focus group size.
Fam Pract. 1995;12(4):474-5.

May CR, Mair F, Finch T, MacFarlane A, Dowrick C, Treweek S, Rapley T, Ballini L,
Ong BN, Rogers A, et al. Development of a theory of implementation and
integration: normalization process theory. Implement Sci. 2009;4:29.

Rapley T. Some pragmatics of qualitative data analysis. In: Qualitative
research: theory, method & practice. Sage Publications Ltd; 2010. p. 273-90.
Glaser BG. The constant comparative method of qualitative analysis. Soc
Probl. 1965;12:436-45.

Seale C. The quality of qualitative research. London: Sage Publications; 1999.
Charmaz K. Constructing grounded theory: a practical guide through
qualitative analysis. London: Sage Publications; 2006.

Bemister TB, Brooks BL, Dyck RH, Kirton A. Predictors of caregiver depression
and family functioning after perinatal stroke. BMC Pediatr. 2015;15:75.
Bemister TB, Brooks BL, Dyck RH, Kirton A. Parent and family impact of
raising a child with perinatal stroke. BMC Pediatr. 2014;14:182.

Hannay HJ, Ciaccia PJ, Kerr JW, Barrett D. Self-report of right-left confusion
in college men and women. Percept Mot Skills. 1990;70(2):451-7.



Basu et al. BMC Pediatrics (2017) 17:33 Page 13 of 13

77.  Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, Altman
DG, Barbour V, Macdonald H, Johnston M, et al. Better reporting of
interventions: template for intervention description and replication (TIDieR)
checklist and guide. BMJ. 2014;348:91687.

78. Kelly MP, Barker M. Why is changing health-related behaviour so difficult?
Public Health. 2016;136:109-16.

79.  Young B, Dixon-Woods M, Findlay M, Heney D. Parenting in a crisis:
conceptualising mothers of children with cancer. Soc Sci Med. 2002;55(10):
1835-47.

80. Tennant R, Hiller L, Fishwick R, Platt S, Joseph S, Weich S, Parkinson J, Secker J,
Stewart-Brown S. The Warwick-Edinburgh Mental Well-being Scale (WEMWBS):
development and UK validation. Health Qual Life Outcomes. 2007;5:63.

81. Gibaud-Wallston J, Wandersman LP. Development and utility of the
parenting sense of competence scale. Toronto: American Psychological
Association; 1978.

82.  Ohan JL, Leung DW, Johnston C. The parenting sense of competence scale:
evidence of a stable factor structure and validity. Canadian Journal of
Behavioural Science-Revue Canadienne Des Sciences Du Comportement.
2000;32(4):251-61.

83. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of
health promotion interventions: the RE-AIM framework. Am J Public Health.
1999,89(9):1322-7.

84. Ramadas A, Quek KF, Chan CK, Oldenburg B. Web-based interventions for
the management of type 2 diabetes mellitus: a systematic review of recent
evidence. Int J Med Inform. 2011;80(6):389-4.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Activity-dependent competition shapes corticospinal tract projections
	Promoting activity in the potentially affected limb improves outcome
	Environmental manipulations can influence activity from an early age

	Methods
	Rationale for initial content
	Participatory design process
	Setting
	Participants
	Focus groups

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

